Background {#sec0001}
==========

Frequent hand hygiene is one of the steps recommended by the Centers for Disease Control and Prevention (CDC) to help prevent illness during the COVID-19 pandemic. For the general public, the recommendation is to use soap and water and, if water is unavailable, a hand sanitizer containing at least 60% alcohol[@bib0001]. In healthcare settings, the CDC recommendations for hand hygiene by healthcare personnel remain to use an alcohol-based hand sanitizer unless hands are visibly soiled[@bib0002]. As there are currently no vaccines or approved treatments available, hygiene measures continue to be critical tools to help slow the spread of COVID-19. Published literature indicates that ethanol is highly effective at inactivating enveloped viruses, including strains of coronavirus[@bib0003] ^,^ [@bib0004]. A recent publication evaluated two standardized World Health Organization (WHO) formulas as well as ethanol and isopropanol solutions against the COVID-19 associated virus, SARS-CoV-2[@bib0005]. The formulas and alcohol solutions were tested against SARS-CoV-2 as a dose response in suspension. Both WHO formulas effectively reduced SARS-CoV-2 below detectable levels at full concentration and when diluted to 30-40% of full concentration. Additionally, the study reported that isopropanol and ethanol alone were effective at 30% concentration in the suspension testing. In this study we evaluated a gel and a foam hand sanitizer that are commercially available in U.S. healthcare settings against SARS-CoV-2.

Methods {#sec0002}
=======

Test Product A (PURELL® Healthcare Advanced Hand Sanitizer Gel, 70% ethanol vol/vol) and Test Product B (PURELL® Healthcare Advanced Hand Sanitizer Foam, 70% ethanol vol/vol) were evaluated for virucidal activity against SARS-CoV-2 Strain USAWA1/2020 (BEI Resources NR-52281) in suspension according to ASTM [E1052](astm:E1052){#interref0001} [@bib0006]. Virus, in the presence of 5% serum, was exposed to the sanitizer for 30 seconds. Thirty seconds was selected as an industry standard contact time that also meets recommendations of international hand hygiene guidelines. Following the exposure time, an equal volume of neutralizer (Newborn Calf Serum) was added, the sample was passed through a Sephacryl column, serially diluted, inoculated onto Vero E6 cells, incubated, and evaluated for cytopathic effect. The 50% tissue culture infective dose per mL (TCID~50~/mL) was calculated by the Spearman-Karber method[@bib0007] and converted to log~10~ TCID~50~ viral load. All controls were performed following ASTM [E1052](astm:E1052){#interref0002}. The controls performed included the neutralization control confirming neutralization was effective, cytotoxicity controls determining if neutralized product was cytotoxic to the Vero E6 cells, viral recovery control quantifying viable virus after simulating the testing process, and cell viability control verifying the cells were viable for the duration of the incubation.

Results {#sec0003}
=======

When tested in suspension according to ASTM [E1052](astm:E1052){#interref0003}, both test products reduced the SARS-CoV-2 virus below detectable limits, resulting in reductions of greater than 3 log~10~ after a 30-second exposure ([Table 1](#tbl0001){ref-type="table"} ). Cytotoxicity was observed in the 10^0^ dilution, affecting the limit of detection by 1 log~10~. Neutralization and all other controls were valid.Table 1SARS-CoV-2 Viral Recovery Before and After Product Treatment and Log~10~ ReductionsTable 1:Untreated Virus Control (Log~10~ TCID~50~)Treated (30 sec) Virus Recovery (Log~10~ TCID~50~)Log~10~ ReductionTest Product A5.83≤2.61≥3.22Test Product B5.71≤2.61≥3.10

Discussion {#sec0004}
==========

To our knowledge, this is the first study to demonstrate inactivation of the SARS-CoV-2 by commercial formulated alcohol-based hand sanitizers marketed in the U.S. These results are not surprising based on previous studies demonstrating the activity of ethanol against strains of coronavirus and formulated hand sanitizers against other enveloped viruses[@bib0003] ^,^ [@bib0004]. The format of the alcohol-based hand sanitizer, gel or foam, did not impact the efficacy of the products in suspension testing. These data support CDC recommendations to use alcohol-based hand sanitizer during the COVID-19 pandemic as the primary means for hand hygiene in healthcare settings; and as an option for the general public when soap and water are not convenient. A limitation of this study, and other recent work evaluating alcohol-based hand sanitizers and SARS-CoV-2, is that testing was limited to *in vitro* suspension methods. While suspension testing is very useful for determining virucidal activity, it may not accurately predict log~10~ reductions on the hands as it does not represent product use conditions. Specifically, suspension testing cannot account for factors that impact efficacy on the hands such as hand coverage, hand rubbing, alcohol evaporation, and skin topography. Additionally, laboratory methods do not account for compliance, product usage at appropriate moments, which is a driver of clinical effectiveness. While SARS-CoV-2 is not appropriate for studies involving human hands, further *in vivo* evaluation of alcohol-based hand sanitizer efficacy against suitable surrogates under realistic use conditions is needed. Human coronaviruses that have circulated in the human population for years and cause mild respiratory illness, often termed the "common cold", such as strains 229E or OC43[@bib0008] are possible surrogates for consideration by researchers and ethics boards for these *in vivo* studies. Additionally, the dynamics of SARS-CoV-2 transmission are not fully understood. While studies have shown the use of alcohol-based hand sanitizers to be correlated with the reduction of respiratory illness[@bib0009] ^,^ [@bib0010], more evidence is needed to understand the relative impact of hand hygiene and alcohol-based hand sanitizers at preventing COVID-19 illness.

Conclusions {#sec0005}
===========

Commercially available gel and foam alcohol-based hand sanitizers were effective against SARS-CoV-2 in suspension testing. This study supports CDC recommendations for alcohol-based hand sanitizer as an infection prevention measure for COVID-19 illness. Additional research directed at the role of hand hygiene in reducing COVID-19 infection is warranted.
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